Objective: This study examines the degree to which the physical availability of alcohol as measured by outlet densities is related to self-reported individual drinking patterns, preferred drinking location, as well as both driving after drinking (DAD) and driving while intoxicated (DWI). Method: Data from 7,826 drinkers were obtained from a general-population telephone survey of 1,353 zip code areas in California. Measures of individual alcohol consumption included drinking frequency, drinks per occasion and variance in quantities consumed per occasion. Preferred drinking locations included bars, restaurants and the homes of drinkers and of their friends. DAD was defined as driving a motor vehicle within 4 hours of having one or more alcoholic drinks, and DWI was defined as driving after having too much to drink and drive safely. Geographic measures of outlet densities were obtained for bars, restaurants and off-premises establishments, using zip codes as geographic units of analysis. Hierarchical linear modeling was used to relate outlet densities within and surrounding respondents' area of residence to respondents' drinking and to respondents' drinking and driving. Results: Whereas restaurant densities were directly related to greater drinking frequencies and DAD, bar densities were inversely related to DAD. There were no direct effects of drinking patterns on drinking and driving. Drinking and driving was strongly related to drinking location preference (e.g., bars and restaurants) only when considered simultaneously with individual drinking patterns, particularly drinking frequency. Conclusions: Increased restaurant density is strongly related to higher rates of both self-reported driving after drinking and drinking frequency. The strongest influence on both driving after drinking and driving while intoxicated is preferred drinking location considered together with individual drinking patterns. Outlet density and preferred drinking location when considered together with individual drinking patterns support driving after drinking and thereby increase the potential for alcohol-related accidents. (J. Stud. Alcohol 63: [460][461][462][463][464][465][466][467][468] 2002) 
M UCH ATTENTION has recently been directed toward the development of interventions intended to reduce problem outcomes associated with drinking alcoholic beverages. One focus of such work has been the development of strategic interventions that change the alcohol environment at the community level. One specific strategy has involved efforts to limit the proliferation of alcohol outlets (Holder et al., 1997) . The rationale behind such efforts is that restrictions on the broad availability of alcohol may translate into reductions in alcohol-related problems. Moreover, follow-up evaluation of these efforts has generally supported their effectiveness in terms of reducing problems, such as alcohol-related car crashes, when implemented as part of an effort to change the overall alcohol environment (Holder et al., 2000) .
Efforts to bring about reductions in problems related to alcohol outlets generally assume a model linking alcohol outlets to problem outcomes, with drinking as a mediating factor. Stated simply, the model predicts that increased availability in the form of greater outlet density will increase drinking, which in turn will increase subsequent problems. This model, however, is limited in two respects. First, the model treats all drinking problems as arising from the same etiologic circumstances. Automobile crashes, violent assaults and unintentional injuries are all treated as sharing a similar structural relationship to availability and drinking. Little attention is directed toward the unique circumstances surrounding problem outcomes as they bear upon drinking and drinking-related activities. Second, the model neglects the role individual drinking patterns and preferred drinking location may play in moderating the relationship between outlets and outcomes. This article addresses these shortcomings in the model by considering one problem outcome associated with alcohol consumption, drinking and driving, in a broader context. It builds upon prior research demonstrating the importance of drinking location preference to the assessment of drinking and driving . The analyses herein examine the contribution of alcohol outlets to drinking and driving as they influence individual drinking patterns and drinking location preference (e.g., drinking at bars versus drinking at home).
In contrast to the typical model informing availabilitytargeted interventions, it may be argued that alcohol availability is related to drinking and driving in at least three ways. First, two studies (Colon and Cutter, 1983; Smart and Docherty, 1976) found that increased alcohol outlet densities could be directly associated with lower rates of drinking and driving, presumably because a greater number of outlets decreased distances between drinking places and thus required less driving to and from these places or allowed use of alternative modes of transportation such as public transit or walking. Such an effect would be indicated by a negative association of outlet densities with drinking and driving, independent of drinking patterns. Second, increased alcohol outlet densities could be associated with higher rates of individual drinking if a larger number of outlets provided increased opportunities for consumption. Such an effect would be indicated by a positive association between outlet densities and drinking and driving, independent of drinking patterns. Third, outlet densities could differentially affect rates of drinking and driving, depending upon outlet types (e.g., bars versus liquor stores) by altering patterns of premises utilization. Such an effect would be indicated by differential associations between densities of differing outlet types and drinking and driving, reframing the relationship between alcohol outlet densities and drinking and driving within the broader context of decisions individuals make about drinking locations.
Finding evidence of a more complex relationship linking outlet densities to drinking and driving might explain the absence of consistent findings in prior research. Whereas most studies have found a positive relationship between outlet densities and automobile crashes at all levels studied-state (Colon, 1982) , county (Blose and Holder, 1987; Jewel and Brown, 1995) , city (Scribner et al., 1994) and neighborhood (Van Oers and Garretsen, 1993) -some early studies obtained the paradoxical result that fewer outlets lead to more accidents (Colon and Cutter, 1983; Smart and Docherty, 1976) . One possible explanation for these contradictory results is the use of incomplete explanatory models that exclude factors such as the complex relationship between individual drinking patterns and individual drinking location preference that may alter the relationship of outlet densities to drinking and driving. For example, frequent drinkers might be likely to drink and drive more often, and heavy drinkers who prefer to drink in bars might be more likely to drive while intoxicated. A more complete model relating availability to drinking and driving will include measures of preferred drinking location and drinking patterns at the individual level with information on outlet densities at the community level. A comprehensive assessment of the effects of availability on drinking and driving will also include analyses to determine what effects availability may have on individual drinking patterns and drinking location preference. Figure 1 shows the basic relationship underlying the analyses presented below. The figure breaks drinking and driving into two subparts: (a) driving after drinking and (b) driving while intoxicated. Driving after drinking (DAD) and driving while intoxicated (DWI) are shown on the same continuum because it is assumed that the behavior that leads to driving after drinking sometimes leads to driving while intoxicated. Driving after drinking occurs when two common events, alcohol consumption and driving, take place sequentially within a brief time frame. DWI is less frequent but involves the same two events, alcohol consumption and driving, and differs only in the amount of alcohol that is consumed, exceeding a given legal limit. The same process takes place to produce both DAD and DWI, but the latter is behavior from the extreme tail of the same positively skewed distribution of drinking occasions. Although the present study is based upon this unitary concept of DAD and DWI, separate analyses for each are presented here because understanding the process that underlies DAD may shed light on the process that underlies DWI and, in particular, whether outlet densities play a role in either. Figure 2 shows the full conceptual model informing these analyses. It adds to Figure 1 alcohol outlet densities and preferred drinking locations, or venues, such as bars, restaurants or the homes of friends. Figure 2 also includes the direct effect of outlet densities on drinking and driving, as well as an effect moderated by drinking patterns. The inclusion of drinking patterns in the model is important because prior studies have shown that drinking patterns are strongly tied to drinking venue choice . In the current case it is argued that drinking patterns moderate the relationship between individual venue preference and drinking and driving. Thus, infrequent drinking in some places (e.g., at home) may have little effect on drinking and driving, whereas more frequent drinking may expose even those who drink at home to greater risks of drinking and driving. 
Method
Data for the test of the full conceptual model in Figure  2 were collected at the individual and aggregate levels. Individual-level data were obtained from a random-digit-dial general-population telephone survey stratified within subsets of telephone exchanges for 58 regions of California during the three years from November 1993 through October 1996. The regions corresponded to the 58 California counties, with the exception of six lightly populated and demographically similar counties in mountainous areas, which were combined into three regions of two counties each, and Los Angeles County, which was divided into four demographically similar regions. Household members 21 years of age and older were enumerated, and the person interviewed was randomly selected from among these adults. Completed interviews were obtained from a total of 12,621 respondents, of whom 8,702 (68.95%) were drinkers, those respondents who had consumed at least one drink within the past year. The response rate for the survey was 65.10%. Data obtained from alcohol consumers, adults aged 21 and over, included demographics and information about their drinking, drinking and driving and drinking venue preference. Only demographic information was obtained from abstainers. Using survey data and information from the U.S. Census, weights were developed to correct for the number of telephone lines per household and to make poststratification adjustments for age, gender, race and household size. A Spanish-language version of the survey was used when appropriate. The demographic information obtained included age, gender, ethnic group membership, marital status, education, employment, income and the number of youths living in each household. Categorical demographic variables were effects coded.
Measures
Drinking pattern measures. Drinking patterns were ascertained using a series of continued drinking items from the survey. The first item asked how frequently respondents consumed alcohol (e.g., daily, weekly, monthly or not at all), and was used to screen abstainers from drinkers and more frequent from less frequent drinkers. More frequent drinkers, those drinking at least once monthly, were asked the continued drinking items, how often in the past month (28 days) they had one or more, two or more, three or more and six or more drinks. Less frequent drinkers (i.e., those drinking at least once yearly, but not monthly) were asked the same series of questions about the past year (365 days), and their responses were rescaled to a onemonth (28-day) equivalent metric. A drink was defined as a 12-oz can of beer, a 5-oz glass of wine or a 1-oz shot of liquor. A statistical model was applied to the survey item responses to obtain measures of drinking quantities and variation in drinking quantities over drinking occasions (Gruenewald and Nephew, 1994) . Results from application of this model to drinking have been shown to provide valid estimates of average quantities consumed (Gruenewald and Nephew, 1994) , to serve as a powerful basis for predicting drinking problems (Gruenewald et al., 1996b; Treno et al., 1998 Treno et al., , 2001 and to capture information regarding the full range of drinking patterns (Gruenewald et al., 1996c) . Of the several measures the model estimates, three were used in the present study: (1) drinking frequency, the number of days in the past 28 the respondent consumed alcohol; (2) drinks per occasion (DPO); and (3) variance (s 2 ), the variance in the number of drinks consumed across occasions. Outliers were Winsorized to the value of each measure most closely approximating the 99.5th percentile (30 of the 7,826 cases). Winsorization assigns the value of the highest nonoutlying observation to the outliers, reducing undo influence of outliers, but retaining the case in the analysis without sacrificing statistical power (Barnett and Lewis, 1984) . To achieve conditional normality of the dependent measures, the drinking pattern items were transformed when used as dependent measures but not when used as independent variables, drinking frequency and DPO by taking the cube root and variance by taking the square root.
Drinking location measures. Drinking venue items, measures of preferred drinking location, were a graduated series of questions, with 28-day items for frequent drinkers and 365-day items for infrequent drinkers. Respondents were asked how often during these time frames they had consumed alcohol at each of five venues: (1) their own home, (2) the homes of friends, (3) bars, (4) restaurants and (5) all other locations. Again, the 365-day questions were rescaled to a 28-day metric. The drinking venue measures were then converted to relative frequencies by dividing the frequency for each venue by the sum of the frequencies for all venues, giving the measures of venue preference a range from 0 to 1. Only the first four of these drinking venues (home, friends' homes, bars and restaurants) were used in the analyses. Each measure was trimodally distributed, with modes occurring at the extremes of the measures (0 and 1) and at differing points between these extremes. For this reason, distributions of residuals from each analysis model that included these measures as outcomes were carefully examined for nonnormality. Based on outlier statistics, these models appeared well behaved.
Drinking and driving measures. Information on drinking and driving, both DAD and DWI, was obtained from three items. The first item screened those who had driven after drinking from those who had not by asking respondents whether, in the preceding 6 months, they had driven a motor vehicle within four hours of consuming any alcoholic beverage. The frequency of DAD was then obtained from respondents who had driven within 4 hours of drinking by asking how often they had done so in the same preceding 6-month time frame. The frequency of DWI was assessed by asking all those respondents who had driven after drinking how often in the past 6 months they had driven after having had "too much to drink and drive safely." Frequency of DWI was thus conditional on DAD and was asked of only that subgroup of respondents who had driven after drinking. This was procedurally important because it allowed separating those effects on DWI that result from their simply representing the high end of the drinking and driving distribution (which the DAD analysis would include) from those effects that are a function of DWI representing a distinct class of problematic behavior. The analysis of DWI presented below is based on this subgroup at the high end of the drinking and driving distribution. The 6-month time frame is the standard for national surveys of drinking and driving and captures an analyzable number of events among drinkers. Previous studies (Donovan, 1993; Yu and Williford, 1993) have shown that self-reports of drinking and driving have adequate internal reliability.
Alcohol availability measures. Information on the geographic location of alcohol establishments was collected twice yearly, or a total of six times over the 3-year survey period. The addresses of all licensed on-premises (bars and restaurants) and off-premises (liquor, grocery and convenience stores) alcohol outlets active during each of the six semiannual periods were obtained from the California State Department of Alcohol Beverage Control. Outlets were aggregated by zip code. For the 7,826 respondents in the DAD analysis, there were 1,353 zip code areas, and for the subgroup of 2,420 respondents in the DWI analysis there were 837 zip codes. All outlet density measures were scaled in terms of roadway miles, a metric that generally reflects the distances between outlets and persons and reflects the way in which individuals access alcohol, by means of the roadway network (see Gruenewald et al., 1996a; Jewell and Brown, 1995) . Roadway miles were measured by the use of Topographically Integrated Geographically Encoded Reference file maps) that represent every street in the United States. The number of roadway miles was obtained from a Geographical Information System programmed to extract, measure in miles and sum the lengths of all roadway segments within each California zip code. There were two kinds of outlet densities: (1) target outlet densities, the densities of each outlet type within respondents' zip code area of residence and (2) lagged outlet densities, the average of the densities over all zip codes contiguous to each respondent's target zip code. There were thus three target and three lagged outlet densities for each respondent: bars, restaurants, offpremises establishments and their respective lags. The lagged densities, because they were averaged over several zip codes comprising a larger area than the target zip code, are smoothed density estimates.
Analysis procedures
One difficulty with studies in which aggregate-level measures are used as predictors (outlet densities) and individuallevel data are used as outcomes (drinking patterns and venue preference) is correcting for correlated measurement error that arises from nesting individual effects within aggregate measures. To address this problem, hierarchical linear modeling (Bryk et al., 2000) was utilized to assess outlet density effects on drinking and driving, drinking patterns and drinking venues. Two-level (aggregate and individual) analyses were performed in which the three target and three lagged outlet densities were included as Level 2 main effects, with all other predictors (drinking patterns and drinking venues used as independent variables, and demographics) included as Level 1 effects. This approach permitted combining in a single analysis aggregate-level information, the target and the lagged outlet densities, with individuallevel information, demographics, drinking patterns and venue preference.
As described in the introduction, there are a number of mechanisms by which alcohol outlet densities may influence drinking and driving. Formalizing these mechanisms by which alcohol availability may lead to increased drinking and driving, the purpose of the present analyses is to estimate the effects on DAD and DWI of venue choice as moderated by drinking patterns and to test the following three hypotheses regarding the effects of outlet densities: Hypothesis 1: Greater outlet density reduces DAD rates; Hypothesis 2: Greater outlet density increases individual drinking; Hypothesis 3: Greater restaurant and bar density increases drinking in bars and restaurants.
The analysis strategy for testing these hypotheses was to sequentially test more complete models regressing DAD and DWI on the Level 1 (individual-level) drinking venue main effects, drinking venue by drinking pattern interactions and sociodemographic control measures. This was followed by estimating final models for DAD and DWI with all the Level 1 measures and all the Level 2 (aggregatelevel) outlet density measures of bars, restaurants and offpremises establishments, both target and lagged. Only the results from the final models are presented below, which include both the Level 1 and Level 2 coefficients. Similar procedures were used for the analyses of drinking patterns and venue preference. Table 1 presents descriptive statistics for all of the Level 1 and Level 2 variables, each of which is untransformed. With the exception of age and the number of youths in respondents' households, each of the sociodemographic variables is a percentage of the total sample, where the measure is coded dichotomously to produce both a mean and a variance for the measure. All of the remaining Level 1 variables are means for the total sample of 7,826 respondents, including the mean relative frequencies for the drinking venues. The descriptive statistics for the Level 2 variables, the outlet densities, are across the 1,353 California zip codes. Table 2 shows regression coefficients (b), asymptotic t tests and p values for the DAD analysis. As called for by the conceptual model in Figure 2 , the table presents main effects for target and lagged outlet densities representing the physical availability of alcohol, venue preference, interaction terms of drinking patterns with venue preference and sociodemographic measures to control for related variation in likelihoods of drinking and driving. The results for outlet density show that greater restaurant densities are directly related to greater self-reported DAD rates, more strongly for lagged than target zip codes. Whereas both target and lagged restaurant densities are directly related to DAD, lagged bar densities are inversely related to DAD, as is target off-premises outlet density. The results for the venue main effects indicate, unsurprisingly, that those who prefer to drink at home are significantly less likely to DAD. When considered alone, though, main effects for the other venues, those that drinkers are likely to access by car, are not significant. The results for the interaction terms, however, suggest that the effect of venue choice on DAD is strongly influenced by individual drinking patterns, with more frequent drinkers more likely to engage in DAD regardless of venue. Those who drink more heavily (high DPO) at home are also more likely to DAD. DAD rates are significantly lower for high-variance drinkers who prefer to drink in their own homes and at bars. The results for the sociodemographic variables indicate that those who engage in DAD are younger; male; single, divorced or widowed; Figure 2 . Table 3 shows the results of the DWI analysis called for by the conceptual model, which includes all the main effects and interactions used in the DAD analysis. As seen in Table 3 , none of the outlet density measures is significantly related to DWI. All of the venue main effects, with the exception of friends' homes, are significantly and inversely related to DWI. As with the DAD model, the effect of venue choice on DWI is strongly moderated by drinking patterns. Those who drink frequently at friends' homes, bars and restaurants, all venues likely to be accessed by car, have significantly higher DWI rates. Those who drink heavily (high DPO) at home and at bars are also more likely to engage in DWI. High-variance drinkers who prefer to drink at home have lower rates of DWI, but highvariance drinkers who prefer to drink at friends' homes are more likely to experience DWI. The results for the sociodemographic measures suggest that those who are involved in DWI are more likely to be young, single and Hispanic. As was the case for DAD, and again supporting the conceptual model, the block test of the three drinking pattern main effects was not significant (∆G 2 = 3.106, 3 df, p = .368).
Results
For the analysis of drinking patterns, the conceptual model calls only for outlet density effects controlled by sociodemographics. Of the three drinking patterns-frequency, DPO and variance-the only significant block test of outlet densities was for drinking frequency (∆G 2 = 21.490, 6 df, p = .002). The results in Table 4 show that outlet effects on drinking frequency are similar to those for DAD. As with DAD, both restaurant densities are significantly and directly related to drinking frequency, lagged more strongly than target. Thus, whereas respondents are likely to drink more frequently if there is a greater density of restaurants in the zip code area of their residence, there is an even greater likelihood that respondents will drink more frequently if there is a greater density of restaurants in zip code areas adjacent to their own neighborhoods. There is an inverse lagged effect for bar density, but it is only marginally significant. Both off-premises densities are inversely related to drinking frequency. Results for the demographic measures indicate that older, white, single males who are better educated and have higher incomes drink more frequently, but that blacks and respondents with children drink less frequently. For the drinking venue analysis, the conceptual model calls for outlet density and drinking pattern main effects, controlling for sociodemographics. Of the four drinking venues-one's own home, friends' homes, bars and restaurants-the only significant block test of outlet density was for bars (∆G 2 = 23.606, 6 df, p = .034). As shown in Table  5 , however, none of the six individual outlet effects is significant, making the outlet density effects ambiguous. The drinking pattern main effects are, however, strongly related to bar utilization, with bar users being typically infrequent, heavy (high-DPO) drinkers whose drinking varies little from one occasion to another. Demographically, bar users are young, single, divorced or widowed and have less education and fewer children. Hispanics drink less often at bars than at other venues.
Discussion
The results of this study support a model of the relationship between venue preference and drinking and driving that suggests a strong moderating role for drinking patterns-the model shown in Figure 2 rather than the one in Figure 1 . Even among those who prefer to drink at home, greater drinking frequency is related to greater likelihoods of DAD independent of other venue choices. In addition, DAD is more likely among more frequent drinkers who prefer to drink outside their homes (e.g., bars) at venues often accessed by car. The demonstration that there are no significant main effects relating drinking patterns (frequency, DPO and variance) to drinking and driving independent of venue preference further supports this argument. Thus, the moderating effects of drinking patterns on the relationship of venue preference to drinking and driving indicate that a complex system of ecological relationships underlie both DAD and DWI. In the case of DAD, the interactions of drinking frequency with all drinking venues and of DPO with drinking at home are large and positive. Similarly with DWI, three of four venue main effects are significant and negative in the full model, indicating some disinclination to drive while intoxicated at lower drinking levels. Yet, the interactions of drinking frequency with venues accessed by car and of DPO with the home drinking venue are again substantial and positive.
As suggested by the conceptual model presented in Figure 2 , different aspects of this more complex model of drinking and driving are affected by the physical availability of alcohol. Contrary to the prediction of Hypothesis 1, greater restaurant densities are positively related to drinking and driving. This is true both for greater target restaurant densities and, interestingly, for greater lagged restaurant densities. This latter suggests that the effects of restaurant density extend beyond the area in which restaurants are located. Supporting Hypothesis 1, greater lagged bar densities are negatively associated with drinking and driving, suggesting that bars attract patrons locally and not from outside the areas in which they live. Smart and Docherty (1976) found that greater outlet densities reduce drinking and driving. The results here contradict their findings for restaurants but support them for bars. DWI is unrelated to outlet density, which is consistent with the suggestion that DWI behavior may be different in kind from DAD.
Supporting Hypothesis 2, both target and lagged restaurant densities are directly related to drinking frequency, the latter more strongly. This suggests that the basic observation of associations between alcohol outlet density and alcohol sales at the aggregate level find their support at the individual level in effects related to frequencies but not quantities of alcohol use. It also suggests that these effects may be specific to particular venue types. Increased drinking frequencies are enabled with the provision of many more places to drink. That this is not the case with regard to bar and off-premises outlet densities may reflect the different uses to which such places are put, the former for drinking, sometimes heavy drinking, 
What leads to DWI and alcohol-related crashes?
The results of this study suggest that alcohol availability does not have broad effects on the outcomes analyzed, but it has important specific effects on drinking frequency and self-reported DAD. As noted, because greater restaurant density, both target and lagged, leads to greater drinking frequency, rates of self-reported DAD rise. Interestingly, outlet density is not significantly related to self-reported DWI independent of its effects on DAD. The studies cited above, however, show that availability is related to car accidents at all levels examined-state, county, city and neighborhood. Indeed, the authors have reported (Gruenewald et al., 1996a) that there is a strong relationship between outlet density, both target and lagged, and alcohol-related crashes. Considering the current individual level data, in a seeming paradox, alcohol availability has little effect on self-reported DWI but is nonetheless related to crashes. If availability is largely unrelated to DWI, how then is outlet density related to crashes? The answer may be that the process generating the relationship between outlet density and crashes at the aggregate level is separable from the process generating drinking and driving events at the individual level examined here. The former process is generated by the concentration of drinking and driving events in areas where there are more outlets and was found by analyzing aggregated crash and outlet data. The latter process is generated by individual drinkers seeking alcohol within their community environment, leading to a given rate of drinking and driving events. The link between the individual-level and aggregate-level processes is the strong correlation of venue preference with drinking and driving. Thus, although an increase in the number of outlets does not produce an increase in the rate of self-reported DWI, areas where there are more outlets will naturally have more DWI events and crashes than areas with fewer outlets.
Implications
What are the implications of these findings for the implementation of community prevention programs targeting alcohol availability? We began our discussion by noting that most such programs assume a positive relationship between alcohol availability and problems such as drinking and driving. Noting that some early studies found a negative association between these two variables, this study attempted to pose their relationship more broadly in terms of individual drinking patterns and venue choice. The results here suggest that interventions targeting outlet densities may be productively implemented, with some caveats. First, DWI as a unique form of problematic behavior appears unrelated to alcohol outlets overall and to specific types of alcohol outlets. However, the density of one particular type of establishment, restaurants, is positively related to both drinking frequency and DAD, whereas bar density appears to be negatively related to DAD. These findings should not come as a surprise because bars are typically concentrated in lowincome neighborhoods, where drinking and driving may present fewer problems than in higher-income areas, where residents have more discretionary income enabling them to access by car restaurants within and outside their neighborhoods. Additionally, the manner in which individuals "abuse" different drinking venues clearly is related to DAD and DWI, suggesting that density-targeted interventions should be tailored to the specific utilization patterns of drinkers in given areas.
Finally, the results suggest that there may be no availability-targeted quick fix for DWI, the more problematic behavior. Clearly, DWI appears to be less a function of the structure of alcohol availability in communities and more a problem of individual proclivities to engage in deviant behavior. However, to the extent that DWI represents the high end of the DAD distribution, effects related to outlet densities may nevertheless be measurable and potentially substantial. Simulations using the coefficients in Tables 2 and  3 showed that a 10% increase in outlet densities produced a 3% increase in drinking and driving, taking into account both direct effects and effects mediated by drinking patterns. Given that 7% of drinking and driving events were also DWI events, this suggests that a 10% increase in outlet densities would generate a 0.21% increase in DWI events. Although this may seem to be a relatively minor effect, given the high rates of drinking and driving in the general U.S. population, it represents a substantial effect when considered in large populations. In the current study, 7,826 drinkers generated 14,066 DAD events and 1,011 DWI events (7.20%).
The extent to which alcohol-related crashes, the ultimate concern of availability-targeted interventions, may be reduced by these efforts is, of course, not known. These analyses were restricted to behaviors that constitute necessary, but not sufficient, conditions for this outcome. We have considered drinking and driving itself as a unitary phenomenon. We have not considered the conditions under which this behavior occurs (e.g., road or weather conditions, total miles traveled, use of highways as opposed to city streets, etc.), which presumably further modify the risks associated with this behavior. Other limitations of the current study include the assumed unidirectionality of effects in a correlational analysis and the cross-sectional nature of the analysis that excludes factors occurring over time, such as increases in population and in demand for alcohol. Although the findings regarding the effects of outlet densities in a crosssectional study cannot be generalized to change over time in outlet densities, the authors regard the current analysis as a valid portrayal of events in the cross section of time studied, and we believe it unlikely that the relationships found would differ greatly over any reasonable time frame. It is true that correlational studies such as the current one make causal inferences problematic, perhaps most by failing to include additional explanatory factors, such as increased demand for alcohol or population growth. Even with these limitations, however, the authors believe that the current research is a good first step toward understanding the complex relationships between individual behavior, such as drinking patterns and outlet preferences, and features of community structure, such as outlet density, that combine to produce DAD. Yet, as the limitations of this study suggest, there are many further questions to be investigated.
